Introduction. The aim of this study was to ascertain whether combined ultrasound assessment of fetal head circumference (HC) and maternal subpubic angle (SPA) prior to the onset of labor may predict the likelihood of an unplanned operative delivery (UOD) in nulliparous women at term. Material and methods. Prospective cohort study of singleton pregnancies in cephalic presentation. Pregnancies experiencing UOD secondary to fetal distress were excluded. HC was assessed transabdominally and SPA values were obtained from a reconstructed coronal plane on three-dimensional (3D) ultrasound performed translabially at 36-38 weeks of gestation. Maternal characteristics, HC expressed as multiple of median, and SPA were compared according to the mode of delivery. Logistic regression and receiver operating characteristics curve analyses were used to analyze the data. Results. 597 pregnancies were included in the study. Spontaneous vaginal delivery occurred in 70.2% of the cases and UOD was required in 29.8%. There was no difference in pregnancy characteristics and birthweight between women who had a spontaneous vaginal birth compared with UOD. The HC multiple of median was larger (1.00 AE 0.02 vs. 1.03 AE 0.02, p ≤ 0.0001), whereas SPA was narrower in the UOD group (124.02 AE 13.64 vs. 102.61 AE 16.13, p ≤ 0.0001). At logistic regression, SPA (OR 0.91, 95% CI 0.89-0.93), HC multiple of median (OR 1.13, 95% CI 1.09-1.17) and maternal height (OR 0.95, were independently associated with UOD. When combined, the diagnostic accuracy of a predictive model integrating HC, SPA and maternal height was highly predictive of UOD with an area under the curve of 0.904 (95% CI 0.88-0.93). Conclusions. Ultrasound assessment of fetal HC and maternal SPA after 36 weeks of gestation can identify a subset of women at higher risk of UOD during labor, for whom early planned delivery might be beneficial.
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Introduction
Operative vaginal and emergency cesarean delivery (CS) due to cephalo-pelvic disproportion in labor have been shown to be independently associated with a high burden of maternal and neonatal morbidity (1,2). Identification of pregnancies at higher risk of cephalo-pelvic disproportion is therefore fundamental to improve labor and delivery outcomes; however, previous attempts using X-ray, computed tomography or magnetic resonance imaging have led to conflicting results (3) (4) (5) .
Ultrasound assessment of fetal head circumference (HC) at term has been recently suggested to reliably predict operative delivery (6,7); likewise, a narrow subpubic angle (SPA), measured at either two-(2D) or threedimensional (3D) ultrasound, has been shown to be independently associated with a higher incidence of operative delivery, prolonged labor and persistent occiput posterior position (8) (9) (10) (11) (12) . Although several maternal and fetal variables, such as fetal position, presentation or uterine contractions may influence labor, fetal head size and shape of birth canal are the major determinants in predicting a spontaneous vaginal birth (6, 12) . Despite this, there is no objective evidence yet on the actual role on combined assessment of fetal head and maternal pelvis in predicting the outcome of labor.
The aim of this study was to ascertain whether combined ultrasound assessment of fetal HC and maternal SPA before the onset of labor may predict delivery outcome in nulliparous women.
Material and methods
This was a prospective cohort study carried out at the Department of Obstetrics and Gynecology, University Hospital of Rome, Tor Vergata, between January 2013 and December 2016. Inclusion criteria were: (i) singleton pregnancies between 36 and 38 weeks of gestation accurately dated by crown-rump length measurement in the first trimester; (ii) cephalic presentation; (iii) spontaneous onset of labor. Exclusion criteria were: (i) fetal structural or chromosomal abnormalities; (ii) estimated fetal weight <10%; (iii) oligohydramnios; (iv) medical complications of pregnancies such as such as hypertension, diabetes, renal or autoimmune disorders; (v) lack of delivery details (birth at another center).
The outcome observed was the occurrence of unplanned operative delivery (UOD). HC was measured transabdominally in a transthalamic plane of the fetal head, according to International Society of Ultrasound in Obstetrics and Gynecology guidelines (13) . Ultrasound measurement of SPA has been reported recently (11, 12) . Briefly, women were positioned supine with slightly flexed and abducted hips. The transducer was placed on the perineum to obtain a midsagittal view of the pubic symphysis and then 3D function activated. The 3D sweep angle was set at 80°and the volume box placed over the entire screen image. The SPA was then measured off-line on stored volumes with Oblique View Extended Imaging (OVIX) software (Samsung Electronics Co. Ltd., Suwon, South Korea). The line of the OVIX function was placed in the median part of the symphysis with a slice thickness of 3 mm (Figure 1a) , showing the pubic rami ( Figure 1b) and their angle. Midwives and clinicians in the labor ward were blinded to the ultrasound findings.
All examinations were performed using the WS80A Elite ultrasound equipment (Samsung Medison Co., Ltd, Seoul, South Korea) with a 1-8 MHz transabdominal volumetric probe. Because head size varies with gestational age, HC measurements were converted into multiple of the median, according to the charts provided by the Italian Society of Ultrasound in Obstetrics and Gynecology (SIEOG) (14) .
Maternal and fetal characteristics were compared using chi-square test for categorical variables, and continuous variables were compared using the Mann-Withney U-test or Student's t-test according to their distribution.
Stepwise forward multivariable logistic regression analysis was performed to ascertain the strength of association between maternal, fetal and pregnancy characteristics and mode of delivery. Only significant variables in univariate analysis were entered in the model. Collinearity was tested by Pearson correlation coefficient. Finally, receiver-operating characteristics (ROC) curve analysis was used to evaluate the diagnostic accuracy of different parameters in predicting operative delivery. Data were analyzed using SPSS version 20.0 for Windows (IBM Corp., Armonk, NY, USA) and two-tailed p-values lower than 0.05 were considered statistically significant.
Ethical approval
The study was approved by our institutional review board (December 11, 2012; registration number 2012/7496.1); all women gave their written informed consent.
Key Message
Ultrasound assessment of fetal head circumference and subpubic angle together with maternal height identify women at risk of unplanned obstetrical intervention in labor.
Results
A total of 761 women were considered eligible for the study. Twenty-seven women declined ultrasound examination, 88 were excluded due to induction of labor, and 49 were not included due to emergency CS for abnormal fetal heart rate in labor, thus leaving 597 pregnancies available for the analysis (Figure 2) .
Spontaneous vaginal delivery occurred in 70.2% (95% CI 66.4-73.7; 419/597) of the cases, and UOD was required in 29.8% (95% CI 26.3-33.6; 178/597); among these, the prevalence of CS and operative vaginal delivery (vacuum) was 77.0% (95% CI 70.3-82.6; 137/178) and 23.0 (95% CI 17.5-29.8; 41/178), respectively. There was no case of forceps delivery in our cohort. Table 1 shows the general characteristics of the study populations. There was no difference in maternal age, body mass index, gestational age at scan and at delivery, need for oxytocin and birthweight between women who had a spontaneous vaginal birth compared with UOD; maternal height was higher (165 AE 8.07 vs. 163 AE 7.40; p = 0.015) in those having a spontaneous birth, whereas epidural analgesia was more frequent in those experiencing an UOD (86.6% vs. 94.3% p = 0.006). When comparing the different ultrasound parameters, HC was larger (1.00 AE 0.02 vs. 1.03 AE 0.02, p ≤ 0.0001) and SPA was narrower in the UOD group (124.02 AE 13.64 vs. 102.61 AE 16.13, p ≤ 0.0001).
At multivariable logistic regression analysis, SPA (OR 0.91, 95% CI 0.89-0.93, p ≤ 0.0001), HC multiple of the median (OR 1.13, 95% CI 1.09-1.17, p = 0.037) and maternal height (OR 0.95, 95% CI 0.92-0.99, p = 0.006) were independently associated with UOD (Table 2) . No significant relation was found between maternal height and SPA width (Pearson coefficient r = 0.10; p = 0.14).
Results of the ROC analysis for the prediction of UOD are shown in Table 3 
Discussion
This is the first study exploring the performance of a predictive model integrating fetal HC, SPA and other maternal characteristics in detecting the need for UOD in singleton pregnancies at term. The findings from this Data are expressed as n (%) or mean (SD). BMI, body mass index; HC, head circumference; MoM, multiple of median; SPA, subpubic angle arch. study showed that SPA and HC were independently associated with and predictive of UOP. After exclusion of those cases requiring intervention for fetal distress, women requiring emergency CS or vacuum delivery had a larger HC and a narrower SPA compared with those who had a spontaneous vaginal birth. SPA was not associated with maternal height. UOD is associated with significant maternal and perinatal mortality and morbidity (5-7). Operative vaginal delivery has been reported to carry an increased risk of maternal perineal traumas, urinary and anal sphincter injuries, neonatal scalp lacerations, cephalohematoma and intracranial hemorrhage, whereas emergency CS in the second stage of labor is associated with a higher likelihood of severe maternal hemorrhage, length of in-hospital stay and admissions to neonatal intensive care unit (1, 15) .
It is therefore fundamental to identify those women at higher risk of UOD in order to improve labor and delivery outcome. Head size at birth has been shown to be associated with UOD (16, 17) . More recently, several studies have shown that ultrasound assessment of HC may be useful in anticipating the outcome of labor. Vei Ooi et al. (7) showed that HC was independently associated with the need for operative delivery and Lipschuetz et al. (6) reported that this association preponderated birthweight and other maternal characteristics.
SPA assessed on either 2D or 3D transperineal ultrasound has proved to be a reliable proxy of pelvic morphology (8) (9) (10) (11) . Narrow SPA values have been associated with the length of labor risk of operative delivery, shoulder dystocia and persistent occiput posterior position (8, 9, 12) . The findings from this study confirm the association between maternal height and risk of UOD, with such risk being higher in women with a small stature (18, 19) . Furthermore, inclusion of maternal height in the predictive model was associated with a higher diagnostic accuracy for UOD.
A recent randomized control trial including pregnancies suspected to carry a large-for-gestational-age fetus, has shown that planned induction of labor at 37-38 weeks was associated with a significant reduction of the rate of UOD (41% vs. 48%) (20) . The present study shows that, in nulliparous women, an accurate prediction of UOD prior to the onset of labor is feasible and that the optimal detection rate is accomplished when combining maternal height, HC and SPA.
Identification of women at higher risk of UOD may help in selecting those pregnancies that might benefit from a planned earlier delivery (either by induction or elective CS), thus reducing the burden of maternal and neonatal complications associated with UOD (21) .
Small sample size, relatively large time interval between the scan and delivery, and lack of stratification of the analysis according to different ethnicities and cervical status at the onset of labor are the major limitations of the present study. Its main strengths lie in its prospective design, assessment of a predictive model integrating maternal and ultrasound characteristics, and the fact that clinicians in labor ward were blinded to the ultrasound findings.
In conclusion, the present study shows that ultrasound assessment of fetal HC and maternal SPA after 36 weeks of gestation can identify a subset of women at higher risk of UOD during labor, for whom early planned delivery might be beneficial. Further large studies on unselected populations of pregnancies at term are needed to ascertain whether routine assessment of HC and SPA, together with maternal characteristics, can be integrated in clinical practice to predict the risk for obstetric intervention during labor.
Funding
No financial support was received for this study. 
